Rheumatoid arthritis (RA) is an independent risk factor for the development of a variety of cardiovascular diseases, with a 1.5-factor increase in risk. This literature review aims to provide a global overview of the pathogenesis, effects of anti-rheumatoid treatment on cardiovascular risk, a description of the cardiovascular complications associated with RA, and current opinion on cardiovascular risk assessment and management in patients with RA. Author conducted a literature search in PubMed, Scopus, Web of Science and Embase regarding RA and associated cardiovascular complications. The mechanism of increased risk of cardiovascular disease in patients with RA is complex. There are specific genetic factors associated with both diseases, and traditional cardiovascular risk factors may be more prevalent in patients with RA. Most anti-rheumatic drugs decrease cardiovascular risk, and general recommendations focus on reduction of disease activity and strict management of cardiovascular risk as per the general population.
Introduction
It is widely recognized that patients with rheumatoid arthritis (RA) are at an increased risk of cardiovascular (CV) related morbidity and mortality compared to the general population. This increased risk is independent of traditional risk factors such as age, smoking, gender, hypertension, and hyperlipidemia. There is a general consensus that a 1.5 multiplication factor is used when using unadapted cardiovascular disease (CVD) predictor algorithms in patients with RA [1] .
There is an increased understanding of the pathogenesis of CV disease in RA, and it appears to be related to shared inflammatory and immune mediators. Furthermore, the management of RA involves a plethora of drugs that can directly or indirectly affect CV risk. Non-steroidal anti-inflammatory drugs (NSAIDs) for example, are associated with increased risk, but on the other hand tumor necrosis factor (TNF) inhibitors and methotrexate are associated with a decreased risk [2] .
This review aims to summarize current knowledge relating to CV diseases in patients with RA, from the pathogenesis and epidemiological aspect.
Methods
Author searched PubMed, Scopus, Web of Science and Embase in September 2018 using the terms "cardiovascular disease" or "cardiovascular event" or "cardiovascular system" or "cardiovascular risk," and "rheumatoid arthritis." The most recent relevant reviews, systematic reviews, or meta-analysis were used for the synthesis of this article, together with any more recent relevant articles that added further knowledge to the topic.
Pathogenesis of cardiovascular risk factors in rheumatoid arthritis
The increased risk of cardiovascular events in patients with RA is multifactorial. The traditional risk factors such as smoking, hypertension, and hyperlipidemia are of course still important, and the presence of RA exerts an additional independent risk. There is already evidence of a complex interplay of factors not yet fully understood. Figure 1 shows the various mechanisms causing endothelial dysfunction and vascular damage leading to CVD in RA. Table I shows an overview of the risk factors involved in CVD in RA patients.
Inflammation
Rheumatoid arthritis and some cardiovascular conditions are recognized as chronic inflammatory conditions. In the pre-clinical stages of RA, there is decreased self-tolerance of the immune system with production of autoantibodies, followed by activation of the immune system, and infiltration of the synovial joints by immune cells at the clinical/symptomatic phase. The process is quite complex with a plethora of cytokines involved, including various TNF and interleukins (IL). It appears that the pro-inflammatory cytokines, TNF, IL-1B, and IL-6, play a central role in the pathogenesis of RA. Similarly, cytokines are also involved in the pathogenesis of atherosclerosis. The role of IL-6 in atherosclerosis is still controversial. However, it is one of the most abundant cytokines found in atherosclerotic plaques, and there is an indication that both TNF-α and IL-6 are pro-atherogenic [3] . Other similarities in the pathogenesis of RA and atherosclerosis include the activation of the NLRP3-inflammasome as a potential contributor to the inflammatory process in both diseases [4] .
Endothelial dysfunction
Part of the pathogenesis of atherosclerosis is endothelial activation. Normally, endothelium responds to physical and chemical signals in order to maintain vascular homeostasis by the production of a variety of factors. These factors control muscle tone, cell adhesion and proliferation, thrombo-resistance, and local inflammation, allowing the endothelium to participate in the inflammatory response [5] . In the situation where there is prolonged activation via pathologic stimuli, such as due to smoking, hypertension, chronic systemic infections, and chronic inflammation, there is a high risk of endothelial dysfunction with up-regulation of cellular adhesion molecules, changes in muscle tone and wall permeability to substances such as lipoproteins, ultimately leading to accumulation of macrophages and fibrous tissue. Plaque formation ensues with the potential of rupturing and causing thrombosis and other cardiovascular events. Rheumatoid arthritis, being a chronic inflammatory condition, is also associated with endothelial dysfunction, and hence it is independently linked to the pathogenesis of atherosclerosis. However, endothelial function does not appear to be dependent on rheumatoid disease activity [6] .
Oxidative stress
This is another potentially shared pathogenesis for RA and CVD. Imbalance of reactive oxygen species and antioxidants in patients with RA has been linked to myocardial strain, impairment of the function of high-density lipoproteins, and also to endothelial dysfunction [7] . This is an indication of the complexity surrounding the various factors at play linking cardiovascular disease and rheumatoid arthritis.
Family history and genetic factors
Although a family history of premature cardiovascular events has been shown to be more prevalent in some patients with RA, other studies have not shown the same clinical association [8] . Similarly, there is conflicting evidence about how a family history of CVD influences the CVD risk in patients with RA compared to those without RA. Some studies indicate there is no influence, and others report that parental history of fatal CVD has an additional effect beyond the already increased risk [8] . Inflammation Pro-inflammatory cytokines, TNF, IL-1B, and IL-6, play a central role in the pathogenesis of RA; similarly, cytokines are also involved in the pathogenesis of atherosclerosis Activation of the NLRP3-inflammasome is also a potential contributor to the inflammatory process and CVD
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Nevertheless, a genetic link between these two conditions is demonstrated elsewhere. There are numerous studies examining specific polymorphisms, and it appears that, rather than a single gene being responsible, there are multiple and complex gene-to-gene and environmental interactions that result in this association. A notable example is the human leukocyte antigen (HLA) and related genes, which are the main genetic factors associated with inflammatory immune-mediated diseases, including RA. Patients with RA who carry two copies of a specific epitope allele, the HLA-DRB1*04 shared epitope allele, have a 2-fold increase in mortality from ischemic heart disease [9] .
Other genetic associations include the TNF superfamily genes, especially those that encode the TNF-α and TNF-β cytokines. These have been proposed to be risk factors for the development of RA and are implicated in vascular inflammation. Presence of specific alleles in patients with RA have been shown to increase CV risk [10] .
Traditional risk factors -smoking, hypertension, diabetes, hyperlipidemia, obesity
These factors are proven to be implicated in the pathogenesis of CVD in the general population. In patients with RA, smoking has an additive effect on the risk of stroke, and hypertension increases the risk of CVD even in young adults. Low-density lipoprotein cholesterol (LDL-C) does not have an association with coronary heart disease, and high-density lipoprotein cholesterol (HDL-C) is associated with a decreased risk for myocardial infarction and stroke in patients with RA [11] . Results from a meta-analysis indicate that cardiovascular morbidity increased with hypertension (relative risk [ [12] .
In addition, patients with RA have a higher prevalence of metabolic syndrome (obesity, glucose intolerance, dyslipidemia, and hypertension). This further reinforces the consensus that the interaction between the various factors involved is very complex, and more than one pathway is involved in the increase in CVD risk in patients with RA.
Effect of treatments used in rheumatoid arthritis on cardiovascular disease risk Management of RA is multifactorial, and it usually follows a step-wise approach depending on disease phase and response to treatment. Initial treatment focuses on symptom control with analgesics and physical therapy, and disease control with conventional disease-modifying antirheumatic drugs (cDMARD) as monotherapy. If the disease is not controlled, escalation is required with an increase in dosage with the potential addition of biologic or other drugs. The biologic drugs are so called because they are produced in live cell systems, and they are divided into those that inhibit TNF (anti-TNF) and those that inhibit some other cytokine, pathway or cell [13] . A new drug, tofacitinib, comprises a new type of pharmacological class called oral small-molecule inhibitors.
Each separate class of pharmacological agents influences cardiovascular risk in a different way. Some increase risk, such as NSAIDs, and others appear to reduce the risk to levels comparable to non-RA populations. Biologics have been associated with better CVD outcomes, and this is corroborated by findings where the progression of atherosclerosis reaches similar rates in patients with RA whose inflammation is managed well compared to those without RA [14] .
Non-steroidal anti-inflammatory drugs
The association between non-steroidal anti-inflammatory drugs (NSAIDs) and cardiovascular risk has been known for many decades. A recent meta-analysis by Bally et al. [15] evaluated the acute myocardial infarction (AMI) risk for traditional and selective NSAIDs in the general population. The results indicate an increased risk from the first week of usage for all drugs, especially with high doses, and long-term use (> 30 days) did not carry additional risk, apart for diclofenac. It confirmed that rofecoxib was associated with the greatest risk (withdrawn from the market since 2004) and that celecoxib appeared to have a similar risk to traditional NSAIDs. A meta-analysis on patients with RA [2] did not find an increased risk for AMIs with the use of NSAIDs. However, there was an 18% increased risk for any cardiac events, and the authors cautioned that there were not enough studies and the results should be interpreted with caution.
Steroids
Glucocorticosteroids are frequently given to patients with RA for acute exacerbations and also as a bridge treatment between changes in disease-modifying antirheumatic drugs (DMARDs). These have also been found to increase cardiovascular risk in patients with RA for all types of cardiac events, including AMI, even up to 47%, and this association is also seen in other populations as well [16] .
Reumatologia 2019; 57/1 Based on various observational studies, even low doses of 5-10 mg of prednisolone per day carry additional risk. There also seems to be an association between steroids and any-cause mortality, which is dose dependent, with a threshold starting from 8 mg/d of prednisolone [17] .
Disease-modifying antirheumatic drugs
The commonest and most important DMARD is methotrexate. Others include sulfasalazine, hydroxychloroquine, leflunomide, and cyclosporine. Methotrexate has demonstrated survival benefits over other DMARDs, and it seems to reduce cardiovascular risk in RA, based on results from a meta-analysis [2] . However, the exact mechanism behind this effect is not known. There are reports that it relates to its effects on cholesterol and free radicals, as well as by blocking the effects of pro-atherosclerotic cytokines such as IL-11, IL-6 and TNF-α, resulting in improved endothelial function and vascular homeostasis. Animal studies have not confirmed a positive effect on endothelial function yet.
Sulfasalazine is advocated as monotherapy in patients who cannot receive methotrexate, and as combination therapy with methotrexate. Studies on patients with coronary heart disease and ankylosing spondylitis indicate a beneficial effect with regard to cardiovascular risk, and earlier reports indicate that it reduces cardiovascular morbidity in patients with rheumatoid arthritis [18, 19] . A potential mechanism of action is the inhibition of platelet function [20] .
Another drug is hydroxychloroquine, also used in combination with other DMARDs. It does not have the same benefit profile as other drugs. However, it seems to be associated with a better metabolic profile and reduced incidence of CVD morbidity [21, 22] .
An association of leflunomide and cyclosporin with hypertension has been observed in some studies, although cyclosporin protects against atherosclerosis [23] . The actual cardiovascular risk profile of these drugs is still uncertain.
Tumor necrosis factor inhibitors (anti-TNF)
These biologics act either as receptors (etanercept) or antibodies against TNF (infliximab, adalimumab, certolizumab, golimumab). Inhibition of the action of TNF results in a reduction of inflammation, and this should decrease the risk of CVD. Current data support this hypothesis, as it has been found that myocardial infarction risk is lower in patients receiving anti-TNF agents compared to treatment-naive subjects (hazard ratio [HR]: 0.85, 95% CI: 0.76-0.95), even compared to conventional DMARDs [24, 25] .
Non-TNF biologics
These drugs have a variety of mechanism of actions which include anti-CD28 therapy (abatacept), anti-B-cell therapy (rituximab), anti-IL-6 (tocilizumab) and anti-IL-1 therapy (anakinra). Patients who are on such medication show a reduction in cardiovascular events compared to patients who are either biologic-naive or have stopped the medication (HR: 0.81, 95% CI: 0.70-0.95) [24] .
There was a concern about tocilizumab because it increases serum lipid levels. However, it is also associated with a decreased cardiovascular risk, compared to other biologics [26, 27] . Some authors believe that a contributing factor is an ability for this drug to regulate chemerin and adiponectin serum levels in patients with RA. These are classed as adipokines, mediators that are synthesized in adipose tissue and have been implicated in the pathophysiology of inflammation (with inconclusive results about RA), insulin resistance, and even atherogenesis [28] .
Tofacitinib
Tofacitinib is the newest drug, a synthetic oral small molecule. Although in patients with RA who are given this drug, cholesterol levels increased, the atherogenic index did not appear to change. In a pooled analysis of multiple studies, the rate of CV events was found to be low, comparable to that of placebo and methotrexate [29] . Data from other populations also indicate a low incidence of major adverse CV events with tofacitinib [30] .
Cardiac and vascular complications of rheumatoid arthritis Pericarditis
Pericarditis is one of the most common cardiac manifestations in RA. Although the incidence of pericarditis in echocardiographic or post-mortem studies is high as 30-50%, clinically it is seen in < 10% of patients with severe RA [31] . Pericarditis occurs most frequently in male patients with active rheumatoid disease and other extra-articular manifestations. There have been several reports associated with the development of acute and/or recurrent pericarditis in patients treated with anti-TNF agents [32] . Diagnosis is commonly by echocardiography. Treatment for mild disease is aspirin or NSAIDs and GCs for moderate to severe disease. Severe cases associated with cardiac tamponade, hemodynamically significant pericardial effusion, or constrictive pericarditis may require surgical management which may include pericardiocentesis, pericardiectomy, or pericardiotomy [33] . 
Myocarditis
Myocarditis is rare in RA and is usually associated with active articular disease and other extra-articular manifestations of RA. The granulomatous form of myocarditis is more common in RA than the interstitial form. Left ventricular ejection fraction can be assessed using echocardiography and rarely ventricular biopsy may be needed. Cardiac magnetic resonance imaging is a useful emerging non-invasive alternative to biopsy for the diagnosis of myocarditis. Glucocorticoids are the preferred treatment. Immunosuppressive therapies such as azathioprine and cyclophosphamide can be used in patients who do not respond to GCs. Use of anti-TNF agents is controversial as they can increase mortality when used in patients with severe heart failure [33, 34] .
Congestive heart failure
There is an increased incidence of congestive heart failure (CHF) in RA patients when compared to the general population. Inflammatory stimuli seem to play an important role in the development of CHF in patients with RA [8] . Medications used in RA such as anti-TNF agents, NSAIDs and prolonged use of high-dose GCs can contribute to CHF. Diagnosis and management of CHF in RA is similar to that in those without RA.
Cardiomyopathy and pericardial effusion
People with RA at a higher risk of developing pericardial effusions compared to controls (odds ratio: 10.7; 95% CI: 5.0-23.0) [35] . Although pericardial effusion is a frequent cardiac complication of RA, in most cases it is mild and asymptomatic. Furthermore, left ventricular systolic myocardial function is found to be reduced in active rheumatoid disease [36] , and the increased incidence of congestive heart failure in patients with RA compared to controls is a major contributor to mortality, separate to that of ischemic heart disease. Animal models confirm the long-term effects of rheumatoid arthritis on molecular remodeling and contractile function of the heart [37] .
Myocardial infarction
Several studies have shown an increased risk of myocardial infarction (MI). Based on meta-analysis data, the standardized mortality ratio for fatal myocardial infarction is around 1.77 (95% confidence interval 1.65-1.89), and the incidence rate ratio is 2.10 (95% CI: 1.52-2.89) [38] . Patients with RA are also more likely to suffer unrecognized cardiac ischemic events.
Furthermore, patients with RA are at increased risk of MI after major surgical procedures for up to 3 months [39] . A study by Mantel et al. [40] showed that patients with RA who have acute coronary syndromes (ACS) have increased short-term mortality with 7-day HR: 1.44, 95% CI: 1.14-1.82; 30-day HR: 1.36, 95% CI: 1.13-1.64 when compared to the general population who have ACS.
Arrhythmias
There is increasing evidence that arrhythmias are also more frequently seen in patients with RA. In a recent meta-analysis of three studies, the pooled risk ratio of development of atrial fibrillation in patients with RA versus controls was 1.29 (95% CI: 1.05-10.59) [41] . Even after adjusting for myocardial infarction, patients with RA are at twofold higher risk of sudden cardiac death when compared to the general population. There is also evidence of QT interval abnormalities and cardiovascular autonomic nervous system dysfunction being observed in patients with RA more frequently than in the general population. The exact mechanism is not yet known; animal models seem to point to atrial arrhythmogenic remodeling [42] .
Valvular thickening and nodules
The presence of chronic inflammation in patients with RA increases the risk of valvular nodules to more than ten times compared to the general population. Valvular thickening is associated with a four-fold increased risk, and other valvular pathologies (stenosis, insufficiency, or prolapse) are also more prevalent in patients with RA [35] . 
Stroke
Ischemic strokes are the result of atherosclerosis, and it follows that patients with RA will be at increased risk. This is supported by the results of several meta-analysis studies, which report an incidence rate ratio of 1.91 and standardized mortality ratio (for fatal strokes) from 1.08 to 2.00 [38] , and odds ratios of 1.64 to 1.68 [43] . This risk is significantly higher in young adults (< 50) with RA [43] . Also, RA increases the recurrence risk of ischemic strokes up to 47% and transient ischemic attacks up to 41%, independently of other factors [44] .
Lymphatic obstruction
A quite rare complication of RA is a lymphatic obstruction. There are very few cases described in the literature, some in juvenile RA [45] . The pathophysiology can be complex, relating to chronic inflammation, muscular inactivity, or the side effects of drugs.
Peripheral vascular disease
Peripheral vascular disease (PVD) is more prevalent in RA patients than in the general population. A study of non-smoking subjects comparing 234 patients with RA and 102 controls showed that peripheral arterial abnormalities (an abnormal ankle-brachial index and/or evidence of occlusion of a peripheral artery) were higher in RA patients (19%) than in controls (5%) [46] . In a retrospective study of 609 patients, the incidence of PVD was significantly greater in those with severe extra-articular features of RA than in those without these features (HR: 2.29, 95% CI: 1.20-4.34) [47] . Patients with RA appear to have up to 2 times higher occurrence of venous thromboembolism [27] .
Other cardiac complications
One of the rare manifestations of systemic RA associated amyloid A amyloidosis is cardiac amyloidosis. The gold standard for diagnosis is a myocardial biopsy, but it is invasive, so other newer modalities such as cardiac magnetic resonance imaging are being increasingly used. Prognosis is usually poor due to associated heart failure. Cytotoxic drugs and DMARDs can temporarily improve cardiac function, but progressive organ failure occurs despite aggressive treatment [48] .
Non-infectious or autoimmune endocarditis is a rare but severe complication of RA. It can result in embolic disease or valvular dysfunction and may need valve repair or replacement. Myocardial ischemia can also occur in RA patients secondary to vasculitis, in addition to atherosclerotic disease [49] .
Prevention Risk estimation
Cardiovascular risk estimation is complex due to the different factors involved. To reduce complexity in clinical practice, several risk estimation tools that can calculate total CVD risk for the general population have evolved. One such tool is the SCORE, which estimates the 10-year risk of fatal CVD [50] . Others include the Framingham score, the QRISK1 and QRISK2, and the PROCAM, all of which also calculate the 10-year risk of CVD events [51] .
With the exception of QRISK2, none of the other tools take into account the presence of RA, and they underestimate CV risk in this population [51] . Since rheumatoid arthritis enhances cardiovascular risk independently of other factors, it is recommended that a 1.5 multiplication factor be used in patients with RA [1] .
Also, because the risk is dependent on disease activity, it is recommended that CVD risk assessment be undertaken every five years and also after major changes in anti-rheumatic treatment [1] .
There are also efforts to predict risk based on other indicators. Endothelial function, as measured by flow-mediated dilation, has been found to be an independent predictor for future cardiovascular events, and there are early indications that measurements of endothelial dysfunction via the brachial artery method can be used as early predictors in patients with RA [52] .
General prevention measures
Since the risk of CVD is higher in the presence of RA, it is advisable to be more diligent in prevention. Since there is not enough evidence to produce robust guidelines specific to patients with RA, it is recommended to follow national guidelines in CVD risk management with the use of antihypertensive and statins as in the general population [1] . Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers are associated with decreased incidence of MI in hypertensive patients with RA, possibly due to both anti-inflammatory and antihypertensive action [53] .
A meta-analysis on the use of statins in patients with RA indicated that they may have an anti-inflammatory effect as well as a lipid-lowering property [54, 55] , with atorvastatin reducing the disease activity score more than simvastatin, although there are conflicting reports where statins are associated with increased risk of developing RA in the first year of use [56] . Taking into account that some specific RA medications also affect the lipid profile of patients, it is advocated that lipid screening should be performed on all patients with RA as soon as they have achieved low disease activity [2, 57] .
Smoking is linked not only to CVD risk, but also to RA disease progression and reduced efficacy of the medication [58] .
Exercise is also beneficial for patients with RA, and there is a planned randomized control trial that will examine the feasibility and effect of exercise provided as part of a cardiac rehabilitation program in patients with RA [59] . Unfortunately, feasibility studies on behavioral changes, including diet and exercise, highlight inherent challenges with regard to recruitment and drop out [60] . As such, the clinical applicability may be limited.
Implications for rheumatoid arthritis therapeutic drug selection on cardiovascular risk
It is clear that managing CV risk in patients with RA is complex. It is recommended that, in order to reduce CVD risk, antirheumatic-drugs should aim for optimum control of disease activity [1] , GCs should be kept to the minimum [1] , and NSAIDs should be given with the same caution as when prescribed in the general population [1] .
Conclusions
The increase in the prevalence of cardiovascular diseases in patients with RA is multifactorial and a hot topic of research. Although there are still conflicting reports on the effect of the various anti-rheumatic drugs in CVD risk, it is generally recommended that the aim should be to reduce rheumatoid disease activity, because this appears to have a beneficial effect on cardiovascular risk. Until further research on whether patients with RA require more specific management of their CV risk is conducted, it is advocated to follow national guidelines as per the general population.
The author declares no conflict of interest.
